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Description 

This invention relates to autoclavaWe flexible tubing suitable for use with medical solution packaging. 

Currently, it is common medical practice to package liquids such as medical solutions for parenteral administration 
5 In disposable, flexible pouches. These pouches should be characterized by collapsibility, transparency, and adequate 
mechanical strength. They must also be able to resist the relatively high temperatures required for heat sterilization of 
their contents, for example in an autoclave. Typically, medical solutions and the like are autoclaved at about 123*^0 
(253**F). for periods of 1 5 to 30 minutes. 

Connector tubing is used in combination with such flexible pouches. This tubing is used to introduce additional 
10 materials to the medical solution inside the pouch, and to administer the medical solution to the patient. This connector 
tubing must be chemically and physically compatible with the medical solution pouch material. The tubing nnust also be 
resistant to the heat generated during autoclaving of the medical solution pouch and tubing. When the tubing is used in 
combination with for exanrple a polycartxjnate connector, it sometimes must be scalable to the connector material by 
means of ultrasonic, radio frequency (RF) or heat sealing. In some cases, a pin heater is inserted into the tubing to heat 
15 the inside as well as the outside of the tubing. It is especially required of such tubing that it be flexible without embrittle- 
ment or cracking of tiie tubing. In this regard, it is known tfiat polyvinyl chloride for example becomes brittie at relatively 
low temperatures. 

Of interest is U. S. Patent 4.643,926 issued to Mueller and assigned to a common assignee with the present appli- 
cation. In the *926 patent, a flexible film suitable for medical solution pouches is disclosed. This film may include a seal- 
20 ant layer of ethylene propylene copolymer, modified etiiylene propylene copolymer or flexible copolyester; at least one 
interior layer of a polymeric material which imparts flexibility to the film, such as very low density polyethylene, ethylene 
propylene monomer blended with ettiylene vinyl acetate copolymer, modified ethylene propylene copolymer, ethylene 
methyl acrylate copolymer, and modified ethylene vinyl acetate copolymer; and an outer layer of copolyester or ethylene 
propylene copolymer. 

25 Also of interest is U.S. Patent 4,948,643 issued to Mueller and assigned to a common assignee witii the present 
application. The '643 patent discloses a flexible medical solution tubing having an outer layer of e.g. modified EPC, an 
intermediate layer of e.g. a blend of modified EMA and EVA or VLDPE. and an inner layer of e.g. PVC, or a blend of 
copolyester arKl EVA. 

It is an object of the present invention to provide a tubing suitable for use witii medical solution packaging, the tub- 
30 ing having good flexibility. 

Another object of the present invention is to provide a tubing suitable for use with medical solution packaging char- 
acterized by compatibility with prior art packaging and ability to withstand autoclaving of tiie tubing. 

The term llexible** is used herein to define specific polymeric materials as well as characteristics of a resulting tub- 
ing whereby improved flexibility and/or bendability is obtained by the use of tiiese specific polymeric materials. Flexible 
35 materials may be characterized by a modulus of preferably less than 50,000 PSI (ASTM D-882-81) and more preferably 
less than 40,000 PSI (ASTM D-882-81). 

The term "polymer", "polymeric", and tiie like, unless spedficaliy defined or otiierorise limited, generally includes 
homopolymers. copolymers and terpolymers and blends and modifications thereof. 

The term "etiiylene n-butyl aaylate copolymer" or "EnBA" is used herein to refer to a copolymer formed of ethylene 
40 and n-butyt acrylate conrwnomer herein the ethylene units are present as more than half of the total copolymer. 

The term "intermediate" is used herein to refer to a layer of a multilayer tubing which is bonded on both of its major 
surfaces to another layer. 

The terms "melt flow", "melt index". "Ml", and tiie like are used herein to mean the amount, in grants, of a thermo- 
plastic resin which can be forced through a given orrf k;e under a specified pressure and temperature within 1 0 minutes. 
45 The value should be determined in accordance with ASTM D 1 238-79. 

The term "ethylene propylene rubber" or EPR is used herein to define a polymeric elastomer obtained by the ster- 
eospecific copolymerization of ethylene and propylene, or tfie two of them with a third monomer such as diene (EPDM). 
Densities are typically below at>out 0.88 gm/cc as measured by ASTM D-1505. 

The term "ethylene vinyl acetate copolymer" (EVA) is used herein to refer to a copolymer formed from ethylene and 
50 vinyl acetate monomers wherein the ethylene derived units in the copolymer are present in major amounts and the vinyl 
acetate derived units in the copolymer are present in minor anrwunts. 

The term "ethylene propylene copolymer" is used herein to refer to a copolymer formed from polypropylene mono- 
mer and mina amounts, usually less than 6%. of etiiylene. 

The terms "copolyester" and "elastomeric copolyester" (EPET) and the like refer to polyesters synthesized from 
55 more tiian one did and a dilMSic acid. Copolyesters as used herein may also be characterized as copolymers of poly- 
ether and polyethylene terephthalate. More preferably copolyesters as used heran may be characterized as polymeric 
materials derived from 1,4 cyclohexane dimethanol, 1.4 cydohexane dicartwxylic acid, and polytetramethylene glycol 
ether, a equivalents of any of the above, as reactants. 

The term "nrxxfif ied" and the like is used herein to refer to a polymeric material in which some or all of the substitu* 
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ents are replaced or supplemented by other materials or substituents, providing a change in properties such as 
improved flexibility or elastomeric properties. For example, a modified ethylene propylene copolymer is for example an 
ethylene propylene copolymer to which an elastomeric material such as Kraton™ rubber has been added by any 
means. 

5 The term "polymeric elastomer" is used herein to refer to elastomeric styrene copolymers. EPR, or blends thereof. 
The present invention provides a polymeric tubing conriprising an intermediate layer comprising a polymeric elas- 
tomer, a blend of a low melt index EVA and a high melt index EVA, EnBA. or blends thereof; an inner layer, bonded to 
the inner surface of the intermediate layer, and comprising a polymeric material selected from EVA. a blend of a low 
melt index EVA and a high melt index EVA. EMA, EnBA, or blends thereof; and an outer layer, bonded to the outer sur- 
ra face of the intermediate layer, and comprising a polymeric material selected from polypropylene, ethylene propylene 
copolymer, and modified ethylene propylene copolymer. 

FIG. 1 is a schematic cross-section of a three layer tubing made in accordance with the invention. 
Figure 1 shows a three layer tubing 20 in accordance witfi the invention. Outer layer 22 is a polypropylene, an eth- 
ylene propylene copolymer (EPC). or modified EPC. A suitable EPC is Eltex™ KS 409X6206 available from Sotvay. This 
15 copolymer has an ethylene content of about 3.8%. A suitable modified EPC is a blend of etiiylene propylene copolymer 
(e.g. Fina Z 9550 available from Fina), and styrene ethylene butylene styrene copolymer (e.g. Kraton 1652 available 
from Shell). Polyallomers can also be used, such as etiiylene propylene block copolymer, available from Eastman as 
M7853-368A. having a melt ftow index of about 12. The inner layer 26 will be in contact at one end with a connector 
such as a poIycartx)nate connector. Inner layer 26 will sometimes require sealability with the polycartx)nate or other 
20 connector nnaterial. Sealing may be done by e.g. ultrasonic sealing, heat sealing, or RF sealing depending on the mate- 
rials used. 

Intemiediate layer 24 can be any of various polymeric elastomers which impart flexibility to the resulting film. Espe- 
cially preferred materials are elastomeric styrene copolymers such as those available from Shell as Kraton^ resins. 
These include styrene ethylene butylene styrene copolymer (SEBS) (e.g. G 2706, G 2703. and G 2712); styrene iso- 
25 prene styrene copolymer (SIS) (e.g. D 1 1 07); and styrene butadiene styrene copolymer (SBS) (e.g. D 1 102). Also use- 
ful in intermediate layer 24 is EPR, such as Tafmer™ resins from Mitsui, e.g. Tafmer P-0480 and P-0680. 

Another material suitable for layer 24 is a Wend of a low melt index (LMO EVA (i.e. Ml is less than 1) and a high melt 
index (HMI) EVA fi.e. Ml is greater than or equal to 1). An exanrple of an LMI EVA is Elvax™ 3165 available from Du 
Pont, and having a vinyl acetate content of about 18% by weight and a melt index of about .7. An example of an HMI 
30 EVA is Elvax 3182, also available from Du Pont arxl having a vinyl acetate content of about 28% by weight and a melt 
index of about 3. These respective LMI and HMI EVA copolymers can be blended in any suitable percentages from 1 
to 99% of each material. 

Intermediate layer 24 can also be an EnBA such as EA71 9.009 from Quantum/USI. 
Layer 24 can also comprise a blend of any of the materials indicated above for layer 24. 
35 Inner layer 26 of the three layer embodiment of the present invention is preferably an ethylene vinyl acetate copol- 
ymer, such as those mentioned above for intermediate layer 24. 

The EVA of inner layer 26 can be irradiated to improve certain properties of the tubing, but irradiation can also 
adversely affect the tubing in some respects. 

An alternative for layer 26 is a blend of an LMI EVA and an HMI EVA, such as the blend given above for intermediate 
40 layer 24. 

An alternative for layer 26 is the use of ethylene methyl acrylate copolymer (EMA) such as Chevron DS 1 193 hav- 
ing 33% methyl acrylate and a melt index of about 2. 

Another alternative is the blending of either LMI or HMI EVA, or both, with EMA. The respective percentages of EVA 
and EMA can range from 1 to 99% of each material. This alternative is especially useful in applications where tubing is 
45 solvent welded to PVC fittings, using a solvent such as cyclohexanone. 

Still anotiner alternative for inner layer 26 is an EnBA such as EA71 9.009 from Quantum/USI. 

Layer 26 can also comprise a blend of any of the materials indicated above for layer 26. 

The materials of inner layer 26 are especially chosen for their heat resistance so that the tubing may be autoclaved 
along with the accompanying medical solution pouch and still maintain its structural integrity. 
50 The tubing after ooextrusion or otiier suitable processing by conventional means may optionally be cross-linked by 
radiation techniques well known in tiie art. This in^diation may strengthen the tubing particularly for autodaving pur- 
poses. Alternatively, a chemical cross-linking agent may be introduced to the resin melt of any or all of the layers dis- 
cussed atx)ve prior to extrusion to effect the aoss-linking of one or more layers of tiie tubing. 

55 EXAMPLES 

Exemplary multi-layer structures were coextruded by conventional means, and in one case (Example 6) irradiated. 
These structures are viewed as potential replacements for polyvinyl chloride tubing. Examples 1 through 1 1 are listed 
below vwth ttieir respective formulations, beginning with the outer layer and ending v«th the inner layer. All examples 
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except Example 10 were actually produced. Examples 1 through 1 1 include the following materials: 
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MATERIAL 


TRADE DESIGNATION 


EPC#1 


Z9550 


SEBS#1 


KRATON G 2706X 


SEBS#2 


KRATON G 2703 


SEBS#3 


KRATON G 1652 


Modified EPC: 


70% Z9550 + 30% KRATON G 1652 


SIS: 


KRATON D 1107 


EVA#1: 


ELVAX3165 


EVA#2: 


r^i \tA\f o4 on 

ELyAX3182 


EMA: 


CHEVRON DS 1193 


EPR: 


TAFMER P 0480 


ADHESIVE: 


BYNEL E 361 


EPET; 


ECDEL 9965 


EnBA: 


EA71 9.009 


PVC: 


TEKNOR APEX 3300R-68NT 



In Example 1 the multilayer tubing comprised modified EPC/SEBS#1/EVA#1. 

In Example 2 the multilayer tubing comprised modified EPC/SEBS#2/EVA#1 . 
30 In Example 3 the multilayer tubing comprised nrodif ied EPC/SIS/EVA#1 . 

In Example 4 the multilayer tubing comprised modified EPC/EPR/EVA#1. 

In Example 5. the multi-layer tubing comprised modified EPC/SEBS#1/80% EVA#1 + 20% EVA#2. 

In Example 6. the multi-layer tubing conrprised modified EPC/SEBS#1/EVA#1 (in^adiated). 

In Example 7, the multi-layer tubing comprised modified EPC/SEBS#2/60% EVA#1 + 40% EMA. 
35 In Example 8. the multi-layer tubing comprises modified EPC/SEBS/50% EVA#2 + 50% EMA. 

In Example 9, the multi-layer tubing comprised modified EPC/50% EnBA + 50% EPR/EnBA. 

In Example 10. the multi-layer tubing comprised modified EPC/50% EVA#1 + 50% EVA#2/EnBA. 

It should be noted that the detailed desaiption and specific examples which indicate the presently preferred 
embodiments of the invention are given by way of illustration only. Various changes and modifications within the spirit 
40 and scope of the claims will become apparent to those of ordinary skill in the art upon review of the above detailed 
desaiption and examples. 

' Clafnns 

45 1. A polymeric tubing comprising: 

a) an intermediate layer corrprising a polymeric material selected from 

i) polymeric elastomer, 

50 ii) a WerKl of a low melt index ethylene vinyl acetate copolymer (EVA) and a high melt index EVA. 

iii) ethylene n-t>utyl acrylate copolymer, and 

iv) blends thereof; 

b) an inner layer, bonded to the inner surface of the intermediate layer, and comprising a polymeric material 
55 selected from 

i) ethylene vinyl acetate copolymer. 

ii) a blend of a low melt index EVA and a high melt index EVA, 

iii) ethylene methyl aaylate copolymer. 
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fv) ethylene n-butyl acrytate copolymer, and 
v) blends thereof: and 

c) an outer layer, bonded to the outer surface of the Intermediate layer, and comprising a polymeric material 
selected from 

i) polypropylene, 

ii) ethylene propylene copolymer, and 

lii) modified ethylene propylene copolymer. 

2. A tubing according to daim 1 wherein the intermediate layer comprises a polymeric elastomer selected from: 

a) styrene ethylene butylene styrene copolymer; 

b) styrene isoprene styrene copolymer; 

c) styrene butediene styrene copolymer; 

d) ethylene propylene rubber; and 

e) blends thereof. 

3. A tubing according to claim 1 wherein the intermediate layer comprises a blend of from 1 to 99% by weight of a low 
melt index EVA. and from 99% to 1% by weight of a high melt index EVA. 

4. A tubing according to any one of claims 1 to 3, wherein the inner layer conrprises a Wend of from 1 to 99% by weight 
of a low melt index EVA, and from 99% to 1% by weight of a high melt index EVA. 

5. A tubing according to any one of the preceding claims, wherein the low melt index EVA has a melt index less than 
1 , and the high melt index EVA has a melt index of greater than or equal to 1 . 

PatentansprQche 

1 . Polymerer Schlauch. der 

a) eine Zwischenschicht die polymeres Material umfaQt, das ausgewdhit ist aus 

i) polymerem Elastomer, 

ii) einer Mischung aus Ethylen/Vinylacetat-Copolymer (EVA) mit niedrigem Schmelzindex und EVA mit 
hohem Schmelzindex. 

iii) Ethylen/h-Butylaaylat-Copolymer und 
rv) Mischungen derselben, 

b) eine innere Schicht die an die innere Oberf lache der Zwischenschicht gebunden ist und polymeres Material 
umfaDt. das ausgewdhit ist aus 

i) Ethylen/Vinylacetat-Copoiymer, 

ii) einer Mischung aus EVA mit niedrigem Schmelzindex und EVA mit hohem Schmelzindex, 
ill) Ethylen/Methylacrylat-Copolymer, 

iv) Ethylen/n-Butylacrylat-Copolymer und 

v) Mischungen derselben, und 

c) eine Au6enschicht umfal^. die an die duBere Oberf Idche der Zwischenschicht gebunden ist und polymeres 
Material umfaBt, das ausgewdhtt ist aus 

i) Polypropylen, 

ii) Ethylen/Propylen-Copolymer und 

iii) modifiziertem Ethylen/Propylen-Copolymer. 

2. Schlauch nach Anspruch 1 , bei dem die Zwischenschicht polymeres Elastomer umfaBt, das ausgewdhlt ist aus 

a) Styrol/Ethylen/Butylen/Styrol-Copolymer, 

b) Styrol/lsopren/Styrol-Copolymer, 
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c) Styrol/Butadien/Styrol-Copolymer, 

d) Ethylen/Propyien-KautschuK und 

e) Mischungen dersefben. 

5 3. Schlauch nach Anspruch 1 , bei dem die Zwischenschicht eine Mischung aus 1 bis 99 Gew.-% EVA mit niedrigem 
Schmelzindex und 99 bis 1 Gew.-% EVA mit hohem Schmelzindex umfaBt. 

4. Schlauch nach einem der AnsprOche 1 bis 3. bei dem die innere Schlcht eine Mischung aus 1 bis 99 Gew.-% EVA 
mit niedrigem Schmelzindex und 99 bis 1 Gew.-% EVA mit hohem Schmelzindex umfaBt. 

10 

5. Schlauch nach einem der vorhergehenden AnsprOche, bei dem das EVA mit niedrigem Schmelzindex einen 
Schmelzindex Weiner als 1 aufweist und das EVA mit hohem Schmelzindex ein Schmelzindex grOBer als Oder 
gleich 1 aufweist 

15 Revendications 

1 . Tube en polym^e comprenant : 

a) une couche interm6diaire comprenant un mat6riau polym^re choisi parmi 

20 

i) un 6lastom6re de polym^re, 

ii) un m6lange d'un copolym6re 6thyi6ne vinyl ac6tate (EVA) k un indice de fusion faible et d'un EVA k 
indice de fusion 6lev6, 

iii) un ccpolym^re ^thyl^ne n-butyl acryfate. et 
25 iv) des melanges de ceux-ci ; 

b) une couche int^rieure. Ii6e k la surface int6rieure de la couche interm6diaire, et conrprenant un mat6riau 
polym^re choisi parmi 

30 i) un copolym^re 6thyl6ne vinyl ac6tate. 

ii) un melange d'un EVA k faible indice de fusion et d*un EVA k indice de fusion 6lev6, 

iii) un copolym^re 6thyl6ne m§thyl aaylate, 

iv) un copolym^e 6thyl6ne n-butyl acrylate. et 

v) des m^anges de ceux-ci ; et 

35 

c) une couche ext^rieure He k la surtece ext^ieure de la couche interm6diaire. et comprenant un mat^riau 
polym^re choisi parmi 

t) le polypropylene. 
40 ii) un copolym^re 6thyl6ne propylene, et 

iii) un copolymfere ethylene propylene modrfi6. 

2. Tube selon la revendication 1. caracl6ris6 en ce que la couche intemi6diaire comprend un 6lastom6re polym6re 
choisi parmi 

45 

a) un copolym^re styr^ne 6thyl^e butyl^ne styr^ne ; 

b) un copolym^re styr^ne isopr^ne styr^ne ; 

c) un copolym^re styr^ne butadiene styr^ne ; 

d) un caoutchouc d'6thyI6ne propylene ; et 
50 e) des melanges de ceux-ci. 

3. Tube selon la revendication 1 . caract6ris6 en ce que la couche intermSdiaire comprend un melange de 1 d 99% en 
poids d*un EVA k faible indice de fusion, et de 99% ^ 1% en poids d'un EVA k indice de fusion ^Iev6. 

55 4. Tube selon Tune quelconque des revendications 1^3. caract6ris6 en ce que la couche int^ieure comprend un 
melange de 1 k 99% en poids d'un EVA k incfice de fusion faOale. et de 99% ^ 1% en poicfe d'un EVA k indice de 
fusion ^ev6. 

5. Tube selon Tune quelconque des revendications pr6c6dentes, caract6ris6 en ce que I'EVA k faible indice de fusion 
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poss^e un indice de fusion moindre que 1, et TEVA k indice de fusion 6lev§ poss^e un Indice de fusion plus 
grand que ou ^1^1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



7 



EP0 564 231 B1 




